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.  ihsiract.  The  etfect  of  Rifl  Valley  fever  (RVF)  viral  infection  on  the  survival  of  female 
Cuic.x  pipicns  was  examined.  In  3  expenments  in  which  mosquitoes  ingested  RV'F  virus, 
there  was  a  44%  decrease  in  survival  to  days  14-16  for  transmitting  vs,  nontransmitting 
mosquitoes,  and  a  48%  decrease  in  survival  for  individuals  with  disseminated  vs.  nondis- 
seminated  infections.  These  results  were  corroborated  by  other  expienments  in  which  sur¬ 
vival  of  mosquitoes  intrathoracically  inoculated  with  RVF  virus  was  compared  with  that 
of  those  inoculated  with  diluent.  In  both  the  per  os  and  inoculation  tests,  uninfected 
mosquitoes  survived  significantly  longer  than  infected  mosquitoes.  Eve;n  though  mosquitoes 
with  disseminated  infections  had  a  lower  survival  rate  than  did  uninfected  mosquitoes, 
dissemination  and  transmission  rates  were  similar  at  days  7  and  14—18  after  the  infectious 
bloodmeal.  This  suggests  that  nondisseminated  individuals  were  developing  disseminated 
infections  and  becoming  capable  of  transmitting  virus  between  days  7  and  14-18  at  ap¬ 
proximately  the  same  rate  older  transmitters  were  dying.  The  decreased  survival  associated 
with  RVF  viral  infection  should  be  considered  in  predictive  models  of  this  disease. 


Traditionally,  arboviral  infections  are  not  be¬ 
lieved  to  harm  their  invertebrate  vector.'  This 
view  has  been  challenged  by  several  recent  stud¬ 
ies.  Mims  et  aU  found  that  Semliki  Forest  viral 
infection  resulted  in  degeneration  of  the  salivary 
glands  in  .  Icdes  degypti.  In  addition,  morpho¬ 
logical  changes  in  the  salivary  glands,  such  as 
proliferation  and  clumping  of  smooth  endoplas¬ 
mic  reticulum,  extensive  vesicle  formation,  and 
distention  of  the  rough  endoplasmic  reticulum, 
have  been  reported  for  mosquitoes  infected  with 
various  arboviruses.'""  Arboviruses  also  have 
been  shown  to  have  detrimental  physiological 
effects  on  mosquitoes.  .•^  reduced  ability  to  refeed 
has  been  descnbed  in  .-ie.  trisenatus  orally  in¬ 
fected  with  La  Crosse  virus’  and  in  Cule.x pipiens 
infected  with  Rift  Valley  fever  (RVF)  virus.’  De¬ 
creased  fecundity  has  been  reponed  in  C.x.  pipi¬ 


ens  infected  with  RVF  virus"  and.  possibly,  in 
.4e.  albopiaus  infected  with  either  3an  Angelo  or 
Kunjin  viruses.''  Several  investigations  have 
shown  that  transovarially  infected  larvae  require 
more  time  to  develop- to.  the  pupal  stage  than 
their  uninfected  siblings.^""  In  contrast,  no  sig¬ 
nificant  effect  of  viral  infection  on  duration  of 
the  larval  stage  or  on  refeeding  ability  was  found 
in  .4e.  trisenatus  transovanally  infected  with  La 
Crosse  virus,'-- ''  or  on  adult  survivorship  in  Or. 
pipiens  infected  with  Japanese  B  encephalitis 
virus'-*  or  in  .le.  aegypti  infected  with  Semliki 
Forest  virus.-  We  examined  the  possible  elfect 
of  RVF  viral  infection  on  survival  of  adult  fe¬ 
males  of  Cx.  pipiens.  This  mosquito,  a  species 
not  ordinarily  associated  with  RVF  virus,  was 
implicated  as  the  primary  vector  dunng  the  ma¬ 
jor  epizootic  of  RVF  that  occurred  in  Egypt  from 
1977-79.'’ 
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Address  reprint  requests  to:  Michael  J,  Turell,  De¬ 
partment  of  Arboviral  Entomology,  Disease  Assess¬ 
ment  Division.  USAMRIID.  Fort  Deinck,  Frcdenck, 
Maryland  21701-5011. 


Mosquitoes.  viFus.  and  viral  assay  procedures 

Four-  to  8-day-old  female  C.v.  pipiens  from 
the  F,,  to  F-5  generations  of  the  El  Gabal  strain,'” 
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denved  from  specimens  collected  in  Egypt  in 
1981.  were  used  in  this  study.  Immaturcs  and 
adults  were  reared  in  incubators  maintained  at 
26°C  ( ±  1°0  with  a  1 6L;8D  hr  photopenod.  Lar¬ 
vae  were  fed  a  mixture  of  liver  powder,  yeast, 
and  ground  hog  chow.  High  relative  humidity 
was  maintained  for  adults  by  placing  moist  gauze 
pads  on  top  of  the  containers  in  '.vhich  the  mos¬ 
quitoes  were  kept. 

The  ZH-501  strain''  of  RVF  virus  was  used 
in  each  expenment.  This  strain  was  isolated  in 
1977  from  a  human  case  in  Egypt  and  passed 
twice  in  fetal  rhesus  lung  cells.  .Mosquito  bodies 
and  legs  were  tnturated  separately  in  1  ml  of 
mosquito  diluent  (10%  calf  serum  in  Medium 
199  with  Hanks'  salts  plus  antibiotics)  and  then 
stored  at  —  70°C  until  assayed  for  virus  by  plaque 
assay  on  2-4-day-old  Vero  cell  monolayers.  ,\11 
viral  titers  represent  plaque  forming  units  (pfu) 
per  specimen. 

Sunival  of  mosquitoes  orally  exposed  to 
RVF  virus 

In  3  experiments,  mosquitoes  were  exposed  to 
RVF  virus  by  allowing  them  to  feed  on  an  anes¬ 
thetized  viremic  hamster  that  had  been  infected 
by  intraperitoneal  inoculation  with  lO*  pfu  of 
RVF  virus  in  0,2  ml  of  diluent  about  24  hr  prior 
to  mosquito  feeding.  Engorged  mosquitoes  were 
placed  in  a  3.8  I  cardboard  cage.  Three  days  later, 
a  dish  containing  50  ml  of  water  was  added  to 
each  cage  to  stimulate  oviposition.  Seven  to  9 
days  after  the  infectious  bloodmeal.  mosquitoes 
were  individually  exposed  for  about  1  hr  to  un¬ 
infected,  restrained  hamsters"*  to  test  for  their 
ability  to  transmit  virus.  In  all  experiments,  the 
nght  mesothoracic  leg  was  removed  immediately 
following  feeding  and  assayed  for  virus  to  deter¬ 
mine  if  virus  had  disseminated  from  the  mid- 
gut."*  The  mosquitoes  were  then  held  individ¬ 
ually  in  0.9  1  cardboard  containers  with  screened 
lids.  To  facilitate  oviposition,  a  cup  containing 
1 5  ml  of  water  was  added  to  each  container  on 
the  third  day  post-engorgement.  In  experiments 
2  and  3.  dead  mosquitoes  were  removed  daily 
and  the  date  of  death  recorded.  In  each  experi¬ 
ment,  a  second  transmission  test  was  made  be¬ 
tween  days  14  and  18  post- viremic  bloodmeal. 
Following  this  test,  the  mosquitoes'  bodies  and 
remaining  legs  were  tnturated  separately  in  1  ml 
of  diluent  and  held  at  -70‘’C  until  assayed. 


Survival  or  mosquitoes  inoculated  with 
R I  'F  virus 

Expenments  4  and  5  were  conducted  with  in¬ 
oculated  mosquitoes  to  eliminate  the  possibility 
that  mosquitoes  genetically  or  environmentally 
(i.e.,  larval  nutntion)  more  susceptible  to  iniec- 
tion  by  oral  exposure  were  also  less  hardy,  and 
to  increase  the  sample  size  of  mosquitoes  with  a 
disseminated  viral  infection.  In  these  expen¬ 
ments.  mosquitoes  were  inoculated''*  with  cither 
diluent  or  lO’  pfu  of  RVF  virus  ( 10'  Cx.  pipiens 

Expenment  4  was  conducted  blind  so  that  the 
person  inoculating  the  mosquitoes  did  not  know 
if  the  inoculum  contained  diluent  or  virus.  All 
of  these  mosquitoes  were  then  placed  in  a  single 
3.8 1  cardboard  container  with  netting  at  one  end. 
Monality  within  48  hr  was  considered  to  have 
resulted  from  trauma  due  to  the  inoculation  pro¬ 
cedure  and  these  individuals  were  discarded. 
Mosquitoes  that  died  after  48  hr  were  assayed 
individually  for  virus.  Previous  studies  have 
shown  that  RVF  virus  is  still  detectable  in  Cx. 
pipiens  for  at  least  48  hr  after  mosquito  death 
(M.  E.  Faran  and  M.  J.  Turell.  personal  com¬ 
munication).  Because  mosquitoes  were  checked 
daily,  recovery  of  virus  from  a  dead  mosquito 
indicated  that  it  was  infected  (virus-inoculated), 
while  failure  to  recover  virus  from  an  inoculated 
mosquito  indicated  that  it  was  uninfected  (dil¬ 
uent-inoculated). 

In  experiment  5,  the  RVF  virus-  and  diluent- 
inoculated  mosquitoes  were  placed  in  separate 
cages,  but  otherwise  treated  the  same  as  in  ex¬ 
periment  4.  Dead  mosquitoes  were  removed  and 
counted  daily.  Cx.  pipiens  infected  with  RVF 
^irus  by  inoculation  are  capable  of  transmitting 
virus  by  day  2  or  3.'°  Therefore,  it  was  not  nec¬ 
essary  to  conduct  transmission  attempts  for  these 
experiments. 

Statistical  analysis 

Compansons  bet  wen  survival  rates  were  per¬ 
formed  by  using  Fisher’s  exact  test  (FET)-'  at  the 
0.05  significance  level.  Survival  curves  were 
compared  by  using  methods  of  survival  analysis 
to  compare  survival  profiles  over  the  duration 
of  the  expenment.  The  Kaplan-Meier  product 
limit  estimator  ( PL)--  of  the  survival  curves  was 
used  to  estimate  median  time  to  death.  The  Man- 
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Table  1 

Se^en-dav  survival  rates  following  first  viral  transmisston  tests  /'or  Culex  pipiens  orallv  exposed  to  Rift  Valiev 
lever  virus' 

_ 

E*  penmen! 


1 

- 

3 

Toial 

Overall  survival 

Survival; 

43,83  (52lt 

45/93  (48) 

24/58  (41) 

1 12'234  (48) 

Nontransmitters 

29/41  (71) 

37/72  (51) 

20/39  (51) 

86/152 (57) 

Transmitters 

14.-42(33) 

8/21  (38) 

4/19 (21) 

26/82  (32) 

Nondisseminated 

28/36 (78) 

37  -69  (54) 

16/29 (55) 

SI.  134  (COi 

Disseminated 

15.47  (32) 

8/24(33) 

8/29  (28) 

3 1  / 1 00 1 3 1 1 

■  f  irst  transmission  ic5l  on  Oavs  •'  '^tesp  horLlavs'  .s  icvps  2.  3>  loliovsin*  the  inicttious  bloodmcal 
*  Number  jii'e  '  da\s  alter  the  first  transmissu>n  U“s!  No  at  the  lirsi  transmission  test  *>  survival! 


lel-Cox  (MQ  P  value--  tests  whether  the  survival 
curves  have  the  same  profiles,  utilizing  infor¬ 
mation  on  ail  mosquitoes  entering  the  study  to 
estimate  mortality  profiles. 


RESULTS 

Survival  of  mosquitoes  orally  exposed  to 
R  VF  virus 

In  experiments  1-3,  mosquitoes  ingested  be¬ 
tween  10®  “  and  10““  pfu  of  RVF  virus  from  the 
viremic  hamsters.  Percent  survival  was  based  on 
the  number  of  mosquitoes  in  each  group  living 
for  at  least  7  days  after  the  first  transmission  test. 
Overall  survival  rates  for  the  3  experiments  were 
similar  and  ranged  from  41%  to  52%  (Table  1). 
Nontransmitters  consistently  survived  at  a  higher 
rate  than  did  transmitting  mosquitoes  (86/152 


{57%j  vs.  26/82  [32%]).  By  using  FET,  the  dit- 
ferences  between  transmitters  and  nontransmit- 
lers  were  significant  in  expenments  1  and  3.  but 
not  significant  in  experiment  2  (Table  2). 

Survival  rate*  for  individuals  with  nondissem- 
inated  infections  were  significantly  higher  than 
those  for  individuals  with  disseminated  infec¬ 
tions  in  expenments  1  (P  <  0.001)  and  3  (P  = 
0  03!)  (Table  2).  This  difference  was  borderline 
(P  =  0.069)  in  experiment  2. 

Because  daily  survival  rates  were  recorded  for 
all  experiments  except  the  first,  we  were  able  to 
compare  the  survival  profiles  for  experiments  2- 
5  by  using  the  PL  estimator  and  MC  P  values 
(Table  2).  For  expieriments  2  and  3.  comparisons 
were  made  between  the  transmitters  and  non¬ 
transmitters.  and  the  disseminated  and  nondis- 
seminated  infection  groups.  While  differences 
were  not  significant  in  expenment  2.  the  oiffer- 


Table  2 

Statistical  analysis  of  survival  data  for  Culex  pipiens  orally  exposed  to  Rift  Valley  fever  virus 


Exocnmeni 


Toial 


Fisher’s  exact  test 
Disseminated  vs.  nondisseminaied 
Transmitters  vs.  nontransmitters 

Mantel-Cox  P  value 
Disseminated  vs.  nondisseminated 
Transmitters  vs.  nontransmitters 

Mean  (median)  time  to  deaiii  (days) 


<0.001* 

<0.001 


0.069 

0.205 


0.154 

0.366 


0,031 

0.026 

0.038 

0.045 


<0.001 

<0.001 

0.004 

0.021 
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DAYS  POST  SECOND  BLOOD  MEAL 

Figure  I .  Kaplan-Meier  product-limit  estimate  for  probability  of  survival  from  one  day  to  the  next  for  RVF 
virus-transmitung  vs.  nontransmitting  C.t.  pipiens  in  experiment  3. 


ences  between  transmitters  vs.  nontransmitters 
and  between  disseminated  vs.  nondisseminated 
mosquitoes  m  experiment  3  were  significant  (Ta¬ 
ble  2).  Likewise,  the  MC  P  values  were  <0.05 
for  both  sets  of  comparisons  in  the  combined 
data  for  experiments  2  and  3 .  The  survival  curves 
generated  by  the  PL  estimator  for  transmitters 
and  nontransmitters  in  experiment  3  are  shown 
in  Figure  I . 

Transmission  rates  at  the  second  transmission 
test  were  20%  higher  than  at  the  first  test,  but 
this  difference  was  not  significant  (Table  3).  Viral 
dissemination  rates  were  similar  at  the  first  and 
second  transmission  tests.  However.  18/45  (40%) 
of  the  mosquitoes  with  disseminated  infections 
at  the  second  transmission  test  developed  these 
infections  after  the  first  transmission  test.  Sim¬ 
ilarly,  1 1/26  (42%)  of  the  mosquitoes  transmit¬ 
ting  virus  at  the  second  transmission  test  had  not 
transmitted  virus  during  the  first  transmission 
test.  Two  of  the  18  individuals  that  had  dissem¬ 
inated  infections,  but  did  not  transmit  virus  at 
the  first  test,  survived  to  the  second  test.  Both 
of  these  mosquitoes  transmitted  virus  at  this  test. 


During  the  second  transmission  test.  6/32  (19%) 
of  the  mosquitoes  with  disseminated  infections 
engorged  but  did  not  transmit  virus.  None  of 
these  6  mosquitoes  had  a  disseminated  infection 
at  the  first  test.  While  the  mean  amount  of  virus 
in  the  mesothoracic  leg  of  transmitters  was  great¬ 
er  than  that  of  disseminated,  non  transmitters  at 
the  first  transmission  attempt  in  all  3  experi¬ 
ments,  this  difference  in  titers  was  significant  [P  < 
0.001,  /-test)  only  in  experiment  3  (Table  4). 
Similarly,  in  the  second  transmission  test,  while 
viral  titers  of  the  legs  of  transmitters  were  gen¬ 
erally  greater  than  those  of  nontransmitters,  these 
differences  were  not  significant.  Comparison  of 
refeeding  rates  between  individuals  with  and 
without  disseminated  infections  revealed  no  sta¬ 
tistically  significant  differences  in  all  3  expen- 
ments  (data  not  shown). 

Survival  of  mosquitoes  inoculated  with  R  VF  virus 

The  survivability  of  female  mosquitoes  inoc¬ 
ulated  with  virus  or  diluent  was  compared  by 
using  the  PL  estimator  and  MC  P  values  (Tabic 
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Table  3 

Transmission  and  dissemination  rates  of  Cu\cx  pjpicns  orally  exposed  to  Rift  Valiev  fever  virus  following  viral 
transmission  test 


i 

- 

3 

Total 

Transmission  rale  g  1st  11  * 

42.83(51)t 

21/93  (23) 

19/58 (33) 

82/'234  (35) 

Transmission  rate  g  2nd  TT 

16/30(53) 

6/22  (27) 

4/10(40) 

26/62  (42) 

New  transmitters  g  2nd  TT/ 
transmitters  ®  2nd  TT 

6/16(38) 

3/6  (50) 

2/4.  (50) 

11/26  (42) 

Dissemination  rate  g  1st  TT 

47'83  (57)t 

24/93  (26) 

29/58  (50) 

100/234(43) 

Dissemination  rate  g  2nd  TT 

29/43  (65) 

12,44(27) 

5/10  (50) 

46/97  (47) 

New  disseminated  fH  2nd  TT’ 
disseminated  ^  2nd  TT 

14/28(50) 

4/12(33) 

0/5  (0) 

18/'45  (40) 

•  TT  =  transmiNS»on  lest  rir\t  trunsmiijion  tcM  on  H.  jc\p.  l»  and  davs  7.  s  icxps.  .2.  3)  Second  transmivsion  lesi  7  davs  alter  the  tirsi 
transmission  test  lesps  1 .  2)  and  'i-IO  days  alter  the  tirsi  transmission  test  lexp.  3). 
t  Number  transmitting.  No  feedintt  (%  transmitting). 

;  Number  'viih  virus  in  thetr  legv  No  tested  i%  with  virus  m  their  legs) 


5).  In  experiment  4,  tlie  mean  times  to  ucaiii  for 
the  uninfected  and  the  infected  groups  were  15 
and  12  days,  respectively.  Likewise,  in  experi¬ 
ment  5,  the  uninfected  mosquitoes  survived  a 
mean  of  30  days  as  compared  to  a  mean  of  22 
days  for  the  infected  mosquitoes.  These  differ¬ 
ences  in  survival  between  the  uninfected  and  in¬ 
fected  groups  are  highly  significant  (P  =  0.03  and 
P  <  0.001)  in  experiments  4  and  5,  respectively, 
and  are  graphically  represented  for  experiment 
5  (Fig,  2).  Mean  times  to  death  were  also  greater 
for  the  uninfected  mosquitoes  than  for  the  in¬ 
fected  mosquitoes  at  the  25th  and  75th  quartiles 
in  both  experiments. 

DISCUSSION 

We  believe  this  is  the  first  report  of  an  arbo¬ 
virus  decreasing  adult  survival  of  an  epizootic 
vector  mosquito.  However,  while  Cx.  pipiens  was 
implicated  in  the  Egyptian  epizootic,  it  does  not 
appear  to  be  involved  in  the  enzootic  cycle  of 
RVF  virus.  Therefore,  it  is  possible  that  the  ef¬ 
fects  we  have  observed  would  not  occur  in  an 
enzootic  maintenance  species  that  has  coevolved 


with  RVF  virus.  Also  of  potential  importance  in 
the  interpretation  of  our  results  is  the  possibility 
that  genetic  changes  fiave  occurred  during  the 
establishment  and  maintenance  of  our  colony. 

The  PL  estimate  provides  a  more  accurate 
comparison  of  survival  data  between  the  diffe'r- 
ent  groups  than  does  FET,  because  the  former 
allows  comparison  of  the  survival  profiles  over 
the  duration  of  the  experiment,  whereas,  the  lat¬ 
ter  allows  comparison  of  survival  values  only  at 
the  end  of  an  experiment.  The  potential  problem 
in  comparing  endpoints  is  that  curves  may  con¬ 
verge  toward  the  end  of  an  experiment,  but  may 
have  been  very  different  earlier. 

In  experiments  1-3,  18/100  (18%)  of  the  mos¬ 
quitoes  with  a  disseminated  infection  at  their 
first  transmission  test  and  6/32  (19%)  of  those  at 
the  second  test  did  not  transmit  virus.  This  fail¬ 
ure  to  transmit  virus  was  probably  due  to  an 
insufficient  time  interval  between  viral  dissem¬ 
ination  and  the  transmission  attempt  rather  than 
to  the  action  of  a  salivary  gland  infection  bar¬ 
rier.-^  This  is  supponed  by  studies  in  which  all 
Cv.  pipiens  intrathoracically  inoculated  with  RVF 
virus  transmitted  this  virus  by  bite.-°  However, 


Table  4 

Titer  of  Rift  Valley  fever  virus  in  legs  of  Culex  pipiens  after  first  and  second  transmission  attempts 


1st  transmission  attempt 

2nd  transmission  attempt 

Experiment 

Nontransmitters 

Transmitters 

Nontransmitters 

Transmitters 

1 

2 

3 

3.2(2.5-3.6)* 

2.9  (2.5-3. 2) 

2.9  (2.0-3.6) 

3.5  (2.2-J.O) 
3.0(2.8-3.4) 

3.9  (2. 7-1.6) 

3.9  f3. 5-4.2) 

3.7 

3.5 

4.0(3,6-a.a) 

3.6  (3.3-3.8) 

4.1  (3.8-4.4) 

'  Mean  (range)  viral  liters  expressed  as  log,o  ptu  per  leg. 
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Table  5 

Statistical  analysis  of  sunival  data  for  Culex  pipiens 
intrathoracicallv  inoculated  with  either  Rift  Valley 
fever  virus  or  diluent 


Mantel-Cox  P  value 
Infected  vs. 
uninfected 


Mean  (median)  time  to  death  (days) 

Uninfected  15.0(15.0)  29.7  (32.0) 

Infected  11.9(12.0)  21.8(20.0) 


Figure  2.  Kaplan-Meier  product-limit  estimate  for 
probability  of  survival  from  one  day  to  the  next  for 
uninfected  (diluent-inoculated)  and  infected  (RVF  vi¬ 
rus-inoculated)  Cm.  pipiens  m  expenment  5. 


were  inoculated  with  virus  or  diluent  at  random, 
tt  is  unlikely  that  the  redycod  survival  was  due 
to  genetically  less  hardy  individuals  being  more 
susceptible  to  RVF  viral  infection  or  dissemi- 


in  those  studies  there  was  a  delay  of  1-2  days 
after  entry  of  virus  into  the  hemocoel  (inocula¬ 
tion)  before  the  mosquitoes  were  able  to  transmit 
virus.  Also,  both  mosquitoes  in  the  present  study 
with  a  disseminated  infection  that  failed  to  trans¬ 
mit  virus  at  the  first  test  and  survived  to  the 
second  test,  transmitted  virus  at  that  test.  In  ad¬ 
dition,  the  generally  lower  titers  in  the  legs  of 
nontransmitters,  as  compared  to  the  titers  in  the 
legs  of  transmitters,  may  represent  recent  dis¬ 
semination  of  virus  from  the  midgut. 

The  differences  between  the  survival  of  in¬ 
fected  (virus-inoculated)  and  uninfected  (dil¬ 
uent-inoculated)  mosquitoes  were  highly  signif¬ 
icant.  While  there  was  about  a  25%  reduction  in 
the  mean  time  to  death  for  the  virus-inoculated 
mosquitoes  as  compared  to  the  diluent-inocu¬ 
lated  mosquitoes  in  both  experiments  4  and  5, 
the  individuals  in  experiment  5  survived  an  av¬ 
erage  of  about  1 5  days  longer  than  those  in  4. 
All  the  virus-inoculated  mosquitoes  in  these  ex- 
penments  were  potential  transmitters,-”  so  that 
the  comparison  can  be  viewed  as  transmitters  vs. 
uninfected  or  as  disseminated  vs.  uninfected.  The 
use  of  inoculated  specimens  supports  the  finding 
that  orally  exposed  Cx.  pipiens  that  are  capable 
of  transmitting  RVF  virus  or  have  developed  a 
disseminated  RVF  viral  infection  have  reduced 
survival  as  compared  to  those  individuals  that 
failed  to  transmit  virus  or  to  develop  a  dissem¬ 
inated  infection.  Also,  because  the  mosquitoes 


We  also  found  that  1 1/26  (42%)  of  the  mos¬ 
quitoes  that  transmitted  virus  to  hamsters  during 
the  second  transmission  test  did  not  do  so  at  the 
first  test.  In  addition.  18/45  (40%)  of  the  mos¬ 
quitoes  with  a  disseminated  infection  at  the  sec¬ 
ond  transmission  test  did  not  have  detectable 
virus  in  their  legs  at  the  first  transmission  test. 
Thus,  dissemination  of  virus  to  the  hemocoel 
and  development  of  the  ability  to  transmit  RVF 
virus  occurred  between  days  7  and  1 5  after  the 
infectious  bloodmeal.  This  may  explain  why  even 
though  the  survival  rate  of  transmitters  was  much 
less  than  that  of  nontransmitters,  the  transmis¬ 
sion  rate  at  the  second  transmission  lest  on  days 
15  and  16  was  almost  the  same  as  at  the  first 
transmission  test  7  days  earlier.  Another  expla¬ 
nation  for  the  similarity  of  transmission  rates  at 
the  first  and  second  transmission  tests  could  be 
increased  refeeding  by  infected  mosquitoes. 
However,  we  found  no  significant  differences  in 
refeeding  rates  in  the  small  samples  in  this  study, 
and  Turell  et  al.*  reported  a  21%  reduction  in 
refeeding  rates  for  Cx.  pipiens  with  a  dissemi¬ 
nated  RVF  viral  infection.  It  appears,  therefore, 
that  mosquitoes  incapable  of  transmitting  virus 
were  becoming  competent  vectors  at  a  rate  which 
compensated  for  the  excess  mortality  observed 
for  the  previous  transmitters  as  compared  to  the 
nontransmitters.  Escape  of  virus  from  the  ali¬ 
mentary  canal  may  be  sporadic  in  the  popula¬ 
tion,  or  triggered  by  some  event,  such  as  refeed¬ 
ing  or  oviposition. 

The  phenomenon  of  reduced  survival  ob- 
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served  for  Cx.  pipiens  infected  with  RVF  virus 
should  be  examined  in  long-established,  enzoot¬ 
ic,  vector- virus  systems.  If  our  findings  are  cor¬ 
roborated,  reduced  survival  of  infected  vectors 
and  continued  addition  of  new  transmitters 
should  be  incorporated  into  predictive  models. 
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